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Background



Dark matter can interact with the Standard
Model through weak, long-ranged forces

Masses (for Standard

Strengths Relative to Gravity (for Model/Dark Matter)
Standard Model/Dark Matter) / x Force Range
\ \ MSMMDM A‘/
F o~ ‘\/ ass OfDD " /
@SD

SM matter can’t be net-neutral (for this work)

Species-dependent factors
DM could be net-neutral or not



Existing constraints on long-range DM-SM
Interactions
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Ultrafaint dwarfs are excellent laboratories for
SM-DM Interactions
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Ultrafaint dwarfs are excellent laboratories for

SM-DM Interactions
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Age > 10 Gyr
Density ~ 1 Mg /pc?
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Dynamical friction is how galaxies
gravitationally thermalize)

Heat transfer per unit time and volume
(from to “cold” dark matter)
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https://doi.org/10.1515/9781400828722

Dynamical Friction in Ultrataint
Dwart Galaxies



Stellar evolution due to dynamical friction
frO M graVIty Segue | - Gravity Alone
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(Assumes typical star mass of 1 M)
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Stellar evolution due to dynamical friction
from a new force |EEEIEEEEL

Half-Light Radius

Halo Scale Radius 600

Note: work in progress;
numbers may change slightly

(Assumes typical star mass of 1 M)



Forces with range less than O(1 mpc) don’t
affect stellar evolution significantly
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Conservative assumptions about initial
conditions then constrain new SM-DM forces

Note: work in progress;
numbers may change slightly
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Summary

Our constraints from
dynamical friction

(Assuming no Debye
screening; otherwise
parameter space is
more complicated)

Note: work in progress;
numbers may change slightly

Mmpn = 1 GeV

mMmpyp — 1 GeV
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Questions?
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Existing constraints on long-range DM-SM

Interactions

Standard Model — Standard Model
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Existing constraints on long-range DM-SM
Interactions [BES

mMmpyp — 1 GeV
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asp < \V/ASSADD

mpa = 1 ]\[Q

mpy = 1/GeV

_ . EP-Violating
Also includes a direct

constrainton xg p
from looking for - __
MW-center-directed mpy = 1 Mg
EP violation _. | Standard Model — Dark Matter

Prog. Part. Nucl. Phys. 62 (2009) 102-134




It dark matter has mixed charge signs, Debye
screening limits the new force’s range
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Dynamical friction also leads to anomalous
acceleration of planets and satellites

Acceleration from
dynamical friction Mass of star

/ (or planet, etc.)
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Differential acceleration between the Sun and

a satellite could give similar limits to UFDs
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At very long ranges, the collision velocity of
the Bullet Cluster gives a stronger constraint

Speed at collision from measured mass:

/' 4400 + 700 km/s

\ Speed at collision from gas shock:

4500 550” km/s

Forces stronger than gravity with ranges of at
least 150 kpc would increase collision speed
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